Reduced signaling through the hedgehog pathway in the uterine stroma causes deferred implantation and embryonic loss.
The role of the hedgehog (HH) signaling pathway in implantation was studied in mice in which the HH signal transducer, smoothened (SMO), was conditionally deleted in the stromal compartment of the uterus, using CRE recombinase expressed through the Amhr2(cre) allele. In Amhr2(cre/+)Smo(null/flox)-mutant mice, Smo mRNA in uterine stroma was reduced 49% compared to that in Amhr2(+/+)Smo(null/flox) control mice, while levels in the luminal epithelium were not different. Litter size was reduced 60% in mutants compared with controls, but ovulation rate and the number of implantation sites on day 7 of pregnancy did not differ. The number of corpora lutea was equivalent to the number of implantation sites, indicating that most ovulations resulted in implanted embryos. However, on days 13 to 15, the rate of embryo resorption was elevated in mutants. In control mice, on day 5, implantation sites were present and blastocysts were well-attached. In contrast, blastocysts were readily flushed from uteri of mutant mice on day 5 and implantation sites were rare. On days 5.5 and 6, implantation sites were present in mutant mice, and by day 6 embryos could not be flushed from the uterus. The weight of implantation sites on day 7 was decreased by 42% in mutant mice, consistent with delayed development. Signaling through SMO in the endometrial stroma is required for optimal timing of implantation, and deferred implantation leads to defective embryo development and subsequent pregnancy loss.